Objectives: To clarify the characteristics of deep-sea water (DSW), we investigated the hematological, immunological and biochemical effects of DSW, specifically the so-called Japan Sea Proper Water (JSPW), samples of which we collected from the Japan Sea at a depth of about 300 meters.
Introduction
Deep-sea water (DSW) is usually defined as water that circulates at a depth of more than 200 meters. In recent years, DSW has been commercialized in several areas, including the Sea of Japan. The characteristics of DSW include high concentrations of several types of inorganic nutrient salts, low temperature stability and low levels of pathogenic microorganisms compared with surface-sea water (SSW) (1) . For these reasons, DSW is attracting much attention in Japan as a new national resource. DSW has already been drawn from several places in Japan (e.g., Kochi, Toyama, Okinawa and Kanagawa). DSW utilization technology has been developed for the fields of agriculture, fisheries, food processing, medicine and health, among others (1) .
Since March 2001, we have been drawing DSW from the Sado offing of the Japan Sea off Niigata prefecture. This water is called Japan Sea Proper Water (JSPW). The total area of the Japan Sea is about 1/164 that of the Pacific Ocean (2) . It appears that the abyssal circulation in the Japan Sea is different from that in other bodies, especially in the Pacific Ocean, and even the water's contents are different (3) (4) (5) . Although many studies have focused on the characteristics of DSW in the Pacific Ocean, very few have reported on DSW in the Japan Sea. To utilize JSPW effectively, it is very important to identify the characteristics of this water from the standpoint of its usability and safety.
There are some studies about medical and health-related applications of DSW (1, 6) . However, the mechanisms underlying these healthful attributes have not been clarified completely. As one method for revealing the characteristics of DSW scientifically, an acute or subacute toxicity test of DSW is required. For this reason, we investigated the hematological, immunological and biochemical effects of DSW on the blood examination values of mice by administering DSW orally for 12 weeks.
Materials and Methods

Collection of DSW and SSW
DSW and SSW were collected from respective depths of about 300 meters and 5 meters in the Japan Sea (37.50-38.00°N latitude; 138.30-138.45°N longitude), using the DSW drawing system developed jointly by HONMA Co. Ltd. and KITAC Corporation (Niigata, Japan). The collected water was sent immediately to our laboratory in refrigerated condition and was stored at −80°C until use. After dissolution in the refrigerator, the water was diluted with purified water (Millipore ELIX 5, Japan Millipore Corporation, Tokyo) to two concentrations, 1.2% and 12%. Suzuki et al. (7) identified 1.2% as the concentration that represented the average daily consumption of DSW in the Japanese diet, as calculated from the consumption of fermentation foods (e.g., bean paste, soy sauce) and fish cakes (e.g., fish paste, fish sausage) based on the National Nutrition Survey in 1995 and the production processes of these foods. Then, the concentration was converted to a per-mouse basis according to the daily food consumption and water intake of a mouse. This study was carried out also at the 12% concentration. Diluted DSW, SSW or the control (purified water) was administered orally to the mice ad libitum for 12 weeks.
Animal treatment
Twenty-five female BALB/c mice (6 weeks old) were purchased from Charles River Japan Inc. (Yokohama, Japan). Female mice were used in this study because male BALB/c mice bite at each other when they are housed in the same cage. After pre-breeding for 1 week, the mice were divided into five groups of five mice each and housed in five cages, one group per cage, for 12 weeks. Lighting was maintained on a 12-hour light/dark cycle, and the room temperature was kept at 23±2°C. Water intake was measured twice a week, while consumption of food (CF-2, CLEA Japan Inc., Tokyo), and body weight were measured once per week. The water intake, food consumption and body weight were averaged each week. After the end of the 12-week administration, the mice were anesthetized with diethyl ether and were sacrificed. A blood sample was collected from each mouse by an intracardiac puncture. A 300 µl blood sample used for the hematological examination was transferred into an anticoagulant tube containing EDTA-2Na. The remaining blood sample was transferred into a serum separation tube for the immunological and biochemical examinations and was centrifuged at 3,000 rpm for 5 minutes. After the separation, the serum was stored at −80°C until determination.
The study was carried out under the approval of the Animal Experiment Committee of Niigata University (July 5, 2001).
Hematological, immunological and biochemical determinations
An automated hematology analyzer (K-4500, Sysmex Corporation, Kobe, Japan) was used for the determination of white blood cell count (WBC), red blood cell count (RBC), hemoglobin (Hb), platelet count (PLT) and mean corpuscular volume (MCV).
Serum concentrations of immunoglobulin G (IgG), immunoglobulin A (IgA) and immunoglobulin M (IgM) were determined by the single radio immunodiffusion (SRID) method (The Binding Site Ltd., Birmingham, UK).
Serum total cholesterol (TC), high-density lipoproteincholesterol (HDLC), low-density lipoprotein-cholesterol (LDLC), triglyceride (TG), urea nitrogen (UN), glucose (GLU) and total protein (TP) were determined by an automatic analyzer (COBAS MILA, Roche Japan, Tokyo). The methods used were as follows: TC, TG, UN and GLU by enzyme assay; HDLC and LDLC by the direct enzyme method; and TP by the biuret reaction. All reagents and calibrators were purchased from Daiichi Pure Chemicals (Tokyo, Japan).
Statistical analysis
Data obtained from the DSW, SSW and control groups were recorded using Statistical Analysis System software (SAS Institute Inc., Cary, NC, USA). Dunnett's test was used to calculate p-values. A result was considered significant when the p-value was less than 0.05.
Results
As shown in Fig. 1 , there were no significant differences between the five groups in water intake (top of figure) or food consumption (middle), even though both appeared slightly higher in the 12% DSW group than in the other groups. The average body weight (bottom) also did not differ significantly between the groups. The growth curves of all five groups showed similar fluctuations. Table 1 shows the results of the hematological examinations. The 1.2% DSW group had significantly decreased MCV compared with the control group (p<0.05). There were no significant variations in WBC, RBC, Hb or PLT in the DSW and SSW groups, compared with those of the control group. Table 2 shows the serum IgG, IgA and IgM values determined by the SRID method. The serum IgG value in the 12% DSW group was significantly higher than that in the control group (p<0.05). In serum IgA values, the 12% SSW group was significantly higher than the control group (p<0.05). All five groups of mice had essentially similar serum IgM values. Table 3 shows the biochemical values in the five groups. The 12% DSW group had significantly elevated GLU values compared with the control group (p<0.05). Other biochemical values in the DSW and SSW groups were not found to be significantly different from those of the control group.
Discussion
Seawater accounts for 97.6% of Earth's water. Furthermore, seawater below a depth of 200 meters (DSW) accounts for about 95% of all seawater. The water surrounding Japan includes several masses, such as JSPW, North Pacific intermediate water and Pacific Deep Water. It is expected that the advanced utilization of these waters, either in the water itself or in microorganisms contained therein, can help solve such problems as environmental pollution and the needs for energy and food security. To promote these efforts, it is very important to first elucidate the characteristics of DSW. For example, Nomura et al. (6) used DSW to treat atopic dermatitis and obtained an effective rate of about 60%. However, the mechanisms underlying these healthful uses and the differences between DSW and SSW or saline solution were not completely clarified. The roles that the various characteristics of DSW play in these findings need to be studied further.
JSPW, which flows from the Vladivostok coastal waters, is different from the North Atlantic Deep Water that flows from the Nordic seas (2-5). The components of JSPW may be different from those of other DSW. In fact, a few differences between the components of DSW collected in Kochi and those collected in Toyama were reported (8) . There are also some well-known differences between the components of DSW and those of SSW (1, 7) .
The committee of Japan Sea Proper Water Development and Research collected DSW and SSW experimentally from the Japan Sea in October, 2000 and again in March, 2001. The water samples were then analyzed to identify their components. No evident differences between DSW and SSW were found other than that SSW had higher levels of dissolved oxygen (DSW, 7.0 mg/l; SSW, 9.3 mg/l) while DSW had higher levels of phosphatephosphorus (DSW, 1.8 µmol/l; SSW, 0.3 µmol/l), silicate-silicon (DSW, 48.4 µmol/l; SSW, 7.7 µmol/l) and nitrate-nitrogen (DSW, 25.5 µmol/l; SSW, 1.2 µmol/l) (9). Except for the water temperature (Niigata, 2.4°C; Kochi, 8.1-9.8°C), these characteristics of JSPW were similar to the results of DSW from the Pacific Ocean.
In the present study, we investigated the effects of JSPW on the blood examination values of mice in order to announce its characteristics and its differences from other DSWs. The salient finding in hematological values in the mice is that the 1.2% DSW group had lower MCV than the control group. There are no known studies about the relation between DSW administration to mice and the animals' MCV levels. In humans, and specifically infants, a relation between nitrate-nitrogen and nitrite-nitrogen intake was reported, as was the development of methemoglobinemia in infants (10) (11) (12) (13) . DSW contains higher concentrations of these salts than either SSW or purified water. The decrease in MCV may be induced by nitrate-nitrogen and nitrite-nitrogen, but there is no clear evidence to support this interference, because MCV in the 12% DSW group did not show a significant difference compared with that in the control group. Therefore, further studies are needed to clarify the effect of DSW on the decreased MCV.
In addition, there are several studies that reported about the relation between nitrate in drinking water and diabetes mellitus (14-16). Kostraba et al. (14) reported that low-level nitrate exposure through drinking water might play a role in the etiology of insulin-dependent diabetes mellitus, perhaps in generating free radicals. The mechanism was suggested to work in the following way: Nitrate changes into nitrite by the hydrogen ion that exists in saliva and in the alimentary canal. This nitrite generates nitrosamines after it reacts with proteins. Free radicals discharged from the nitrosamines attack the B cells in the pancreas. As a result, the generation of insulin is controlled, causing diabetes. The present study showed that the 12% DSW group had significantly higher GLU values than the control group. The concentration of nitrate in DSW was higher than in either the SSW or the purified water. The elevated serum GLU values may be caused by the long-term intake of high concentrations of DSW. To our knowledge, the effects of DSW on serum immunoglobulin values in mice have not been investigated. The present findings showed that the serum IgG value in the 12% DSW group and the serum IgA value in the 12% SSW group were significantly higher than in the control group. One of the functions of IgG is similar to that of IgA. That is, both IgG and IgA act as neutralizing antibodies (17) . Although the present study did not announce the existence of an identified substance (e.g., a microorganism, a mineral) that influences immunoglobulin values, it is suggested that the elevated IgG and IgA values may be due largely to differences in some components between DSW and SSW. It is possible that a useful substance for the infection defense is contained in DSW or SSW. These findings show that the long-term use of DSW or SSW stimulates the immune system when taken in a high concentration. Further studies that eliminate microorganisms from the water are needed to confirm the immunological effects of DSW or SSW.
Previous studies suggested that silicate-silicon contained in DSW might decrease TC values in mouse plasma (8, 18) . Those studies were carried out by using DSW from the Pacific Ocean and male mice (Crj: CD-1, 14 weeks old). However, the present results do not confirm those findings. In the present study, the TC values in the DSW group showed a slight decrease, especially in the 1.2% group, and the mechanism of the decreased TC value was not clear. This difference might be due to the type and gender of mouse and/or to the DSW used.
The present study suggested the presence of some toxic components in DSW, even though none of the groups of mice showed any clear abnormal growth or behavior; neither did any show signs of illness or a single case of death during the study period. Further careful study of the advantages or disadvantages of DSW are necessary before a final answer is reached regarding whether DSW is bad for human health. Problems that still need to be investigated include the confirmation of the pathophysiology of the decreased MCV, the higher IgG values and the higher GLU values.
